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Abstract 

Background: In Morocco, the main strategies of leishmaniasis vector control are based on environmental 
modifications. Use of local residual indoor spraying with synthetic pyrethroids is often envisaged. The need to 
evaluate this control method is essential. The current study was conducted to determine the efficacy of an 
alphacypermethrin IRS program against leishmaniasis vectors in an endemic area in the north of Morocco. 

Methods: The survey was conducted in four neighbouring localities in three different districts in northern Morocco: 
Ait Chaib and Aichoun in Sefrou district, Bouassem (Boulmane) and Lmrouj (Taounate). Indoor residual spraying 
with alphacypermethrin at a dose of 30 mg/m 2 was used in Ait Chaib and Lmrouj localities during 2010, 201 1 and 
2012, while localities of Aichoun and Bouassem were taken as control. In the four studied areas, sand flies were 
collected bimonthly from April to November in 201 1 and 2012, using sticky traps, to determine their abundance 
and feeding pattern. Alphacypermethrin IRS were evaluated for their residual effect using the WHO cone bioassay 
test. Leishmaniasis incidence was estimated by passive and active case detection in each study area. 

Results: Significant reductions in leishmaniasis incidence and in gravidity rate were observed when comparing 
sprayed and unsprayed localities. The residual activity of alphacypermethrin at the concentration used lasted 
10 weeks after spraying. However, the abundance of sand flies was not significantly affected by alphacypermethrin 
IRS. 

Conclusion: This study indicated that IRS has a significant impact on leishmaniasis transmission; therefore it could 
be recommended as an effective tool for leishmaniasis control in areas with high leishmaniasis transmission. 
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Background 

Cutaneous Leishmaniases are endemic in Morocco with 
two described forms; anthroponotic and zoonotic leish- 
maniasis.The zoonotic cutaneous leishmaniasis caused 
by Leishmania major is endemic especially in the south 
of the country where its vector, Phlebotomus papatasi 
and its reservoir host, Meriones shawi, are prevalent [1]. 
The anthroponotic cutaneous leishmaniasis, due to 
L. tropica and transmitted by Ph. sergenti [2], is endemic 
in the center and the north of the country [3]. These 
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infections represent a serious health problem in Morocco 
and have reached epidemic levels, in recent years, in many 
regions [4]. In 2011, the Moroccan Ministry of Health 
(MMOH) reported 4319 cutaneous leishmaniasis cases 
caused by both L. major and L. tropica [5]. 

Control measures against leishmaniasis rely both on 
case management, rodent reservoir control in zoonotic 
foci, and vector control in anthroponotic foci. Vector 
control methods include environmental modifications, 
use of bednets and local residual indoor spraying with 
synthetic pyrethroids. However, the impact of these mea- 
sures was never investigated under field conditions 
within the biogeographical area treated. 
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Figure 1 Map showing the study sites. 



The aim of this study is to evaluate entomological and 
epidemiological impacts of a leishmaniasis control pro- 
gram, conducted by MMOH, using a pyrethroid in indoor 
residual spraying (IRS) in an endemic area in the north of 
Morocco. 

Methods 

Study area 

The survey was conducted in four neighbouring loca- 
lities located in three different districts in northern 
Morocco: Ait Chaib and Aichoun in Sefrou district, 
Bouassem (Boulmane) and Lmrouj (Taounate) (Figure 1). 
The localities were chosen because they had similar topo- 
graphical and epidemiological characteristics. The region 
is mountainous, with altitudes ranging from 900 to 
1100 m. These localities have essentially a semi arid cli- 
mate. There is rain from November to April. The annual 
mean rainfall is about 500 mm, annual mean temperature 
is 16°C with a mean maxima of 25°C and a mean minima 
of 9.5°C. August is usually the hottest month of the year. 

The inhabitants of the four localities are, mainly 
farmers and breeders. Bovines, ovines, caprines, equines, 
dogs and chickens are common animals. The houses in 
all areas are generally built in a similar shape. Most 
of them are very simple and mainly made of bricks. 
Shelters for domestic animals are generally around the 
houses. 

Epidemiological data 

Leishmaniasis incidence was measured by passive and 
active case detection in each study area. In addition to 
passive case detection made systematically by MMOH 
services, campaigns for active case detection were con- 
ducted in schools to identify further cases who may not 



be presenting at health facilities. These campaigns were 
carried out during March, September and December 
2010, 2011 and 2012 in each study area. 

Taking into account the seasonality and the transmis- 
sion period in Morocco, we used an epidemiological year 
(July to June) for epidemiological data. 

Insecticide spraying 

Indoor residual spraying with alphacypermethrin was con- 
ducted in Ait Chaib including 184 houses and Lmrouj 
(187 houses) while localities of Aichoun (225 houses) and 
Bouassem (576 houses) were taken as control. 

On the basis of previous works, delimitating transmis- 
sion period from May to October, IRS operations were 
planned for May of each year, but because of operational 
harms, they took place only in the end of June 2010, 
2011 and 2012 in Ait chaib locality and in the beginning 
of July 2010, 2011 and 2012 in Lmrouj locality. Used in- 
secticide is alphacypermethrin (10% SC) at a dose of 
30 mg/m 2 . Each round, over 90% of households in both 

Table 1 Cutaneous leishmaniasis incidence (/1 000) in 
treated and control localities 



Arm 


Localities 


2010-2011 


2011-2012 


2012-2013 




Mrouj 


10.32 


1.29 


0.00 


Treated 


Ait chaib 
Total 


2.92 
6.85 
[2.63-59.02] 


00 
0.68 
[0.41-8.84] 


0.00 
0.00 




Aichoun 


8.98 


3.37 


5.61 


Control 


Bouassem 
Total 


13.57 
11.79 
[1 .45-40.44] 


2.86 
3.06 
[0.16-6.36] 


10.71 
8.72 
[1.61-40.56] 



Between [ ]: 95% confidence intervals. 



Faraj et al. Parasites & Vectors 2013, 6:354 
http://www.parasitesandvectors.eom/content/6/1/354 



Page 3 of 7 



Table 2 Number of sand flies collected in the four localities during the two study years 
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Mrouj 




Total 


Male 


Female 


% 


Male 


Female 


% 


Male 


Female 


% 


Male 


Female 


% 


Ph. SQfQcnti 


1 


Ado 


o/.u 


AO I 


/ O 


jU.4 


1 ^ 


AA 




1 CO 


i^i 

OA 


CO.o 


ZJZJ 


Ph. longicuspis 


36 


8 


2.2 


45 


4 


7.3 


18 


2 


8.3 


82 


41 


31.9 


236 


Ph. perniciosus 


88 


17 


5.2 


219 


51 


40.4 


37 


2 


16.2 


5 


3 


2.1 


422 


Ph. papatasi 


85 


6 


4.5 


3 


0 


0.4 


4 


1 


2.1 


0 


0 


0.0 


99 


Ph. oriosi 


0 


0 


0.0 


3 


0 


0.4 


0 


0 


0.0 


1 


0 


0.3 


4 


S. minuta 


2 


0 


0.1 


3 


0 


0.4 


0 


0 


0.0 


0 


0 


0.0 


5 


S. follox 


7 


13 


1.0 


2 


2 


0.6 


0 


0 


0.0 


0 


0 


0.0 


24 


Total 


1719 


300 


100 


536 


133 


100 


214 


27 


100 


280 


106 


100 


3315 



localities were treated. All indoor surfaces, including with a long sleeved overall, goggles, mask, gloves, boots 



roof structures, animal shelters and caves near of houses 
were sprayed. The IRS operations were carried out by 
volunteer workers recruited from the local community 
and trained by the MMOH team. The treatment of the 
walls was done with a manual pressure sprayer of 
GLORIA type. Before treatment, workers were protected 



and a helmet for safety. 
Entomological data 

The entomological evaluation was based on the follow-up 
of the abundance of flies and their feeding rate in the 
sprayed and unsprayed villages. 
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Figure 2 Sand fly abundance evolution during 2011-2012. a) in sprayed localities (Arrows indicate spraying dates), b) in unsprayed localities. 
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Table 3 Reduction rate of sand fly abundance in treated 
localities in comparison to that of control localities 



Year 


CI 


C2 


T1 


T2 


Abundance reduction(%) 


2011 


26.1 


19.6 


9.3 


6.4 


08% 


2012 


27.9 


14.1 


6.6 


5.9 


-79% 



aspirator. After exposure, sand flies were removed with a 
bent-end aspirator, through the opening of the chamber, 
and immediately transferred to holding pots closed with a 
fine mesh and provided with glucose solution for nourish- 
ment They were kept at 20-25°C to score the mortality 
rates after 24 hours. 



Insecticide effectivness was evaluated by the follow-up 
of the insecticidal residual effect on the treated surfaces 
after assessing Ph. sergenti susceptibility to pyrethroids. 

Sand fly sampling 

Systematic sand fly collections, using the sticky trap 
method, were carried out bimonthly inside animal shel- 
ters from April to November 2011 and during the same 
period of 2012. Five stations were chosen at random in 
each locality and 10 traps were placed in each station. 

All sand flies were sorted and assigned to species 
based on morphological characters using standard iden- 
tification keys [6]. The female sand flies were classified 
according to the state of their abdomens (unfed, fed or 
gravid). 

Insecticide persistence 

The efficacy and the residual action of the insecticide 
against the local sand fly vectors under field conditions 
were assessed using WHO recommended procedures [7]. 
Contact bioassy cones were set against sprayed walls in 
Ait chaib locality, the day after spraying then once every 
two weeks until the loss of efficiency (when mortality rate 
of sand flies exposed to sprayed walls became inferior to 
70%). Bioassay was carried out with field sand flies caught 
in the Aichoun locality. Sand flies were exposed to alpha- 
cypermethrin treated surfaces in the transparent plastic 
bioassay cone for 30 min. In each assay, 12 cones were fas- 
tened on walls at 1.5 m from the ground in 4 treated 
households (with 3 cones per house). 4 cone chambers 
were used as control and processed in the same way, by 
exposing sand flies to untreated walls. In each cone, test 
batches of fifteen sand flies were introduced by an 



Sand fly susceptibility to pyrethroids 

Resistance to pyrethroids was assessed on sand fly popu- 
lations from Aichoun locality (control locality) by using 
standard WHO testing procedures [8]. 

Sand flies were collected using CDC Light Traps in 
animals shelters on June 2012. As we did not have alpha- 
cypermethrin impregnated papers available, four lots of 
about 20 sand flies were exposed to another pyrethroid 
(lambdacyhalothrin 0.05%). A control test was performed, 
simultaneously, using control papers. Knockdown rates 
were noted at 5 min intervals during the insecticide 
exposure. After one hour of exposure, sand flies were 
transferred to the observation tube and kept in appropri- 
ate conditions (25 ± 2°C and 80% ± 10% relative humidity) 
for 24 hours. Sufficient relative humidity was ensured by 
putting small pieces of cotton wool impregnated with dis- 
tilled water on the top of the cups. After this period, mor- 
tality rates were calculated. 

Data analysis 

Data were analyzed using Genstat (15 th edition). Pearson 
chi-square (x2) test was applied to compare incidence 
rates before and after intervention and between treated 
and control localities. The same test was also used to 
compare the gravidity rate across study areas. The sig- 
nificance level was set at 5%. 

Reduction in sand fly abundance due to spraying was 
estimated by the formula of Mulla et al. [9]: 

% of reduction = 100-((Cl/ri) x (T2/C2) x 100) 

CI: sand fly abundance before spraying date in control 
localities 



Table 4 Gravidity rate of female sand flies observed before and after IRS in treated and control areas 

Before spraying After spraying 







Dissected (gravid) females 


Gravidity% [95% CI] 


Dissected (gravid) females 


Gravidity% [95% CI] 




Aichoun 


44(3) 


7 


95 (11) 


12 




Bouassem 


67 (7) 


10 


34 (5) 


15 


Control 










Total 


111 (10) 


9.1 


129 (16) 


12 








[0.7-59.4] 




[3.3-36.9] 


Treated 


Mrouj 
Ait chaib 

Total 


16(1) 
24 (2) 
40 (3) 


6 
8 

7.5 


70 (0) 
17(0) 
87 (0) 


0 
0 
0 



[1.3-33.6] 
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C2: sand fly abundance after spraying date in control 
localities 

Tl: sand fly abundance before spraying in treated 
localities 

T2: sand fly abundance after spraying in treated 
localities 

CI and Tl have been estimated considering the mean 
of sand fly abundance over the month before spraying 
date. 

C2 and T2 correspond to the mean of sand fly abun- 
dance over the 10 weeks following the spraying date 
(this period corresponds to the duration of the residual 
effect of alphacypermethrin in this study). 

Results 

Epidemiological impact of intervention 

Table 1 shows the evolution of leishmaniasis incidence 
in treated and control localities. 

Before spraying there was an incidence of 7 per 1000 
cases in sprayed localities; this dropped significantly 
(p < 0.001) to 0 per 1000 after two spraying cycles. After 
IRS, CL incidence in the intervention area was sig- 
nificantly (p < 0.001) lower than in unsprayed localities 
(0 vs 9 per 1000). 

Entomological impact of intervention 
Sand fly abundance 

During two years of capture (2011-2012), 3315 sand flies 
were collected (in the four localities) and identified. They 
comprised seven species: Ph. sergenti, Ph. longicuspis, 
Ph. perniciousis, Ph. papatasi, Ph. ariasi, Sergentomyia 
minuta and S. fallax. Ph. sergenti was the most prevalent 
species in the four areas, it constitutes 87.0%, 50.4%, 
73.4%, and 64.9% of total sand flies collected in Aichoun, 
Bouassem, Ait Chaib and Mrouj respectively (Table 2). 

Figure 2 shows the evolution of mean sand fly abun- 
dance in each study arm. Generaly, sand fly activity starts 
from May and lasts to October. Abundance of sand flies, 
both in control and treated localities presented two well 
marked peaks. The first occurred in May-June and the 
second in August-September. 

Overall, there was no differences in the evolution of 
sand fly densities in control and treated localities. Com- 
pared to control arm, sprayed localities showed a slight 
reduction in sand fly abundance during 2011 (8%) while 
an increase in abundance (79%) was observed during 
2012 (Table 3). 

Sand fly gravidity rate 

Before intervention (May- June), three females from a 
total of 40 (7.5%) were gravid in the IRS arm (8% in Ait 
chaib and 6% in Mrouj). After IRS, gravidity was signifi- 
cantly reduced from 7.5 to 0% (p = 0.008) (Table 4). 



Table 5 Mortality rates of Phlebotomus sergenti females 


in the bioassay cones in Ait Chaib locality 




Time 


Exposed sand flies (dead) 


Mortality (%) 


Pre spraying 


171 (11) 


06.43 


Post spraying 






01 day 


178 (159) 


89.32 


02 weeks 


180 (152) 


84.44 


04 weeks 


175 (145) 


82.86 


06 weeks 


170 (137 


80.59 


08 weeks 


179 (140) 


78.21 


1 0 weeks 


180 (131) 


72.78 


1 2 weeks 


179 (110) 


61.45 



In the control arm, the gravidity rate increased from 
9% in May-June to 12% in July- August. 

Difference in gravidity rates between the overall con- 
trol and treated areas after spraying (12% vs 0%) is sig- 
nificant (p < 0.001). 

Insecticide residual activity 

Results of bioefficacy test showed satisfactory percen- 
tages of mortality one day after spraying (89.3%); but this 
decreased progressively with weeks: 84.4%, 82.9%; 80.5, 
78.2 and 72.8% after 2, 4, 6, 8 and 10 weeks after inter- 
vention, respectively (Table 5). The residual activity of 
the insecticide three months after the spraying was only 
61.45%. 

Ph sergenti susceptibility to pyrethroids 

Results of wild collected Ph. sergenti susceptibility tests 
to lambdacyhalothrin are presented in Table 6. 

Lambdacyhalothrin induced a Ph. sergenti knockdown 
of 100% after less than 30 min of contact and no speci- 
men survived after 60 min exposure. Tested populations 
of Ph. sergenti showed a normal susceptibility to this 
insecticide. 

Discussion 

The results presented here show that in areas with low 
leishmaniasis incidence (<15 per 1000), indoor residual 
spraying with alphacypermethrin can lead to a signi- 
ficant reduction in leishmaniasis transmission. In both 
localities under intervention, leishmaniasis incidence 
and gravidity rate have been significantly reduced. How- 
ever, sand fly abundance was not significantly affected. 
In fact, sand flies were collected from animal shelters, 

Table 6 Insecticide susceptibility tests of Phlebotomus 



sergenti to lambdacyhalothrin 



Exposed sand flies 


Mortality (%) 


KDT50 (min) KDT90 (min) 


76 


100 


11 20 
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which are also reproduction, resting and blood feeding 
sites. As IRS is directed exclusively against adult stages, 
larvae will not be affected until the emergence of adults 
and their contact with treated surfaces. Once on the walls, 
young blood fed adults are killed and do not have time to 
rest inside to digest their blood meal. It is known that 
sand fly larval development is slow and uneven mainly 
under temperate conditions [10,11]. The emergence of 
young flies that belonged to the same batch of eggs may 
extend over a long period (up to two months). The con- 
tinuous emergence of adults continually replenished the 
population. 

Similar results were observed in Brazil by Passerat de 
Silans et al [12] who showed that residual insecticide 
applications of cypermethrin had no effect on the overall 
density of peridomiciliar Lutzomyia longipalpis popula- 
tions. Alexander et al. [13] also found that residual 
spraying of walls with delthamethrin in a Colombian vil- 
lage surrounded by forest had no perceptible effect on 
the number of sand flies entering houses; although the 
insecticidal activity of the treated surfaces was undimi- 
nished during the study period. While other authors re- 
ported that residual pyrethroid spraying reduces sand fly 
indoor density in various localities in South America 
[14-16] and China [17] probably, because of their repul- 
sive effect. 

The residual effects of pyrethroid insecticides reported 
in the literature are variable according to formulations, 
doses used, types of surfaces tested and species of sand 
flies exposed. In this program, the residual effect of alpha- 
cypermethrin, at a dose of 30 mg/m 2 , remained for less 
than three months (about 10 weeks). A shorter duration 
was reported by Morsy et al. [18] in Egypt where the ex- 
position of Ph. papatasi, during 30 min, on cement walls 
treated with permethrin, 75 days after treatment involved 
only 51.9% of mortality. A similar duration was reported 
by Passerat De Silans et al. [12] who indicated that re- 
sidual activity of cypermethrin against Lu. longipalpis in 
Brazil was limited to two months. 

Longer periods were also reported in rural areas of the 
new World tropics. Le Pont et al [14] reported that one 
deltamethrin spray application in Bolivia was enough 
to eliminate Lu. longipalpis from the dwelling during 
9 months. Falcao et al [15] demonstrated that the residual 
action of deltamethrin remained for more than one year 
on walls of concrete and lime painted in a Brazilian focus 
of American cutaneous leishmaniasis. Davies et al [16] 
confirmed that, with a concentration of 25 mg/m 2 of 
lambdacyhalothrin, the insecticide remained 100% lethal 
for the sand fly Lu verrucarum for up to 6 months in 
endemic villages of Peru. 

Hence, because of the low residual activity of alphacyper- 
methrin (less than three months) and the long sand flies 
development period in Morocco (more than 6 months), 



one spray round per year is not sufficiently powerful to 
control sand fly populations in many regions of Morocco. 
Indeed, sand fly populations peaked twice during the sea- 
son, at the end of spring: May-June and again at the end 
of summer: August-September [19]. This bi-modal popu- 
lation density pattern is characteristic of Ph. sergenti in 
semi arid habitats and has to be taken into account when 
determining the best application schedule of insecticide. 
Ambient conditions (temperature and humidity) were 
more favourable to transmission during periods cor- 
responding to the second peak. Insecticide persistence 
should largely cover this period. 

Application of insecticide during the two years of the 
study in the two localities has taken place after the first 
peak (end of June). Insecticide remained effective during 
the following months (July- August). The insecticide has 
no more efficacy at the beginning of September, when 
conditions become favourable to transmission. This sug- 
gests that two spray rounds are needed to maintain good 
effectiveness. The first should begin early in the season 
before the first peak of sand fly populations early in May 
(in order to kill the maximum number of sand flies 
throughout the whole season) and the second round early 
in August. However, such a strategy implicates an increase 
in the cost of leishmaniasis prevention and cannot be im- 
plemented everywhere. It must be reserved only for areas 
with the highest leishmaniasis transmission. 

Conclusion 

This study indicated that IRS has a significant impact on 
leishmaniasis transmission; therefore it could be recom- 
mended as an effective tool for leishmaniasis control in 
areas with high leishmaniasis transmission. 
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